Various types of DG technologies, their viability and other important aspects, such as the economical and performance side have been examined in this paper. The main aim and objective of this workis to find the most suitable off-grid system for rural electrification, i.e. in the form of technical feasibility, acceptable purchasing/installation and maintenance cost, as well asreliability. The selected system should be able to provide continuous electricity supply, particularly in areas where main grid connection is not a viable option. The result from this work has concluded that hybrid renewable energy systems are the best approach in solving some of the problems related to electricity shortage in the countryside. Hybrid systemsconstruction means that sustainable energy and environmental protection will be part of the overall commercial and non-commercial applications for off-grid electricity supply.
Introduction
In a developing country, an off-grid system can benefit the village community in a number of ways: a. For varieties of purpose related to water pumping used within a village and/or farming environment; b. Generation of electricity for lighting, heating and cooking; c. For Agricultural processing tasks, e.g. winnowing, threshing, grinding and for getting rid of saline water (pumping). Other applications should be considered as well, in particular when there is the need for stable and regular electricity supply to help local businesses and industries. Important Factors.The following points are the key factors which should be considered before and during the work related to any DG technology project:1. Present and future level of energy need for the community; 2. Procurement cost and cost of maintenance; 3. Short and long term benefits; 4. Type of energy source(s) required; 5. Type of DG technology needed; 6. Health issues; 7. Security issues (e.g. vandalism/theft); 8. Ownership; 9. Location; 10. Possible future connection to the main grid; 11. Main purpose for installing the system; 12. Mode of operation; 13.Rating of the DG system; 14.The socio-economic conditions in relation to the local population; 15.Training and skills needed for the system operation and maintenance.
Examples of DG Technologies
The rapid expansion and development of DG technologies has provided a wide variety of choices [1] , regardless of the size of the project or the geographical location. Since some of the technologies on the market are still in their early stages of development, the quality and specific requirements are still far from certain. This is why data feedback from current and previous projects in this field is vital. Data feedback can help in further developing these devices in order to meet specific requirements, on long-and short-term basis. These developments can focus on those presently considered as a 'complex system(s)', such as a hybrid power system. Most of these systems usually constructed in a rural areawith limited resources -are in constant needs of new ideas, economical design approach and flexibility in regard to local resources and the protection of the environment. Problems.Apart from the problems related to geographical isolation, the following difficulties can arise: 1. Lack of local technical help; 2. In many cases, there is no back-up system (or insufficient back-up system); 3. The high cost of repairing and/or device parts replacement; 4. The imported device standard may differ from the local/national device standard; 5. The time factor, i.e. it may take long time to send or receive new parts or replacing/repairing faulty parts; 6. Whether or not to choose national or imported equipment; 7.Price fluctuation (e.g. fuels, devices, labour, engineering and technical support); 8. Needed financial support may not be available for the local community during the life-span of a system; 9. Installing metering system (or pre-paid metering system) can be important for the success of the project and will reduce problems with the local customers.
Conventional Energies for Off-Grid Use.In this section, examples of DG devices powered via energy sources, other than renewable sources, have been listed and discussed briefly. These devices are:Reciprocating Engines (RE); Micro Turbine (MT); Combustion Turbines (CT); and Fuel Cells (FC).Energy storage systems are important part of the DG, in particular when using renewable sources of energy as the main source for generating electricity. Some systems are also needed in certain design of hybrid systems. Examples:Flow Batteries, Reversible Fuel Cells, Lead Acid Batteries, Superconducting Magnetic Energy Storage (SMES), Ultra-Capacitors, Compressed Air Energy Storage (CAES), Thermal and Flywheels.
Reciprocating Engines (RE). They are the most widely used in the field of DG. Generally speaking, there are two types of engines commonly used for the production of electricity: a. Sparkignition (Otto cycle); and b. Compression-ignited (Diesel cycle). For the purpose of generating electricity, the diesel cycle engine is much more widely used among reciprocating engines in rural areas. The size of the device can range from less than 1 kW to more than 50MW with overall electric efficiencies somewhere between 25% -50%; however, smaller unit may not reach the 50% efficiency mentioned above. Benefits:a. Low cost solutions; b. High/reasonable efficiencies; c. Availability; d. Quick start -switch off option; e. Low operational skill required.On the negative side, these types of engines require regular maintenance, which in turn increase the overall cost. Emission is also another negative side, even though this kind of emission can be reduced by simply switching to natural gas instead of using diesel fuel. Models are already available on the market, such as Diesel & gas engines (e.g. 5 kW -2000 kW), Compact modular generator (e.g. 4040 kW), Cogeneration units (e.g. electrical output from 70 kW -2,700 kW).
Micro Turbine (MT).In principle, MT design is the same as any other type of gas turbine. However, the efficiency of MT is much higher when it comes to usage than a gas turbine. In fact some MTs can re-use the exhaust heat to preheat air used in the combustion chamber. The output power can range from 30 kW to 500 kW. However, despite a number of benefits from the usage of MT, the costs are higher than the usage cost of reciprocating engines. There are different models of MT designed to use different types of fuels. These fuels can range from natural gas to propane. There are also other types of models which can use bio-fuels, such as gases produced from landfills (e.g. Methane), and fuels produced from animal waste and/or sewage processing plants. In general, micro-turbine is a turbine engine with added generator and electronic power in a compact scaled down size. The micro-turbine has a number of advantages compared to other types of DG technologies. MT applications: Cogeneration, peak shaving, base-load power, remote power, premium power and shaft drive.A number of issues can delay the expansion of MT:Cost of individual generators in relation to average rural cost, i.e. affordability; additional cost such as utility tariff; financing; grid connectivity; market acceptance; future electric utility regulations and policies.
Combustion Turbine(CT).CT applications for DG usually range from 1 MW to around 15 MW in their output. However, other types of CT can have an output around 100 MW. CT is sought after for their low emission and relatively low cost. CT also has a high heat recovery and low maintenance requirements; however, on the negative side, CT has low electric efficiency [3] .
Fuel Cell (FC). Unlike the electricity produced from combustion, the latest fuel cells have higher efficiency than the previous energy devices discussed earlier on. FC provides electricity via a chemical process with no waste, no moving parts and no noise, compared to other devices used for the same purpose. There are different types of FC presently available on the market, such as solid oxide (SOFC), phosphoric acid (PAFC), proton exchange membrane (PEMFC), molten carbonate (MCFC), direct methanol (DMFC) and alkaline (AFC). Apart from the 200kW phosphoric acid, fuel cells are
1694
Advanced Materials Research II still difficult to obtain commercially and can cost more than the price of other traditional technologies. Electricity is generated within a FC by splitting the hydrogen atom into a proton and electron. The proton pass through the electrolyte to the cathode, while the electrons, not able to move to the cathode, will travel around the FC where a DC current is produced via a second circuit. The voltage generated from FC depend on the number of layers, i.e. the larger the number of layers the higher the voltage output will be. At the same time, the larger the surface of the electrodes, the greater the electrical current will be obtained.
Renewable Energies for Off-Grid Applications
Renewable energysource from sun light/heat, wind and biomass materials is a good example for harvesting energy using DG devices. DG devices using renewable sources are still more expensive to purchase than conventional DG devices. However, renewable energy technologies can be less costly than other types of technologies only when the cost of fossil fuels continues to rise. In addition to the above, many of the rural populations are small and, consequently, per capita demand for energy will be low as well, which may mean further development in renewable energy production is not economical for some of the rural areas in developing countries. Energy from renewable sources can be summarised under the following titles: Solar power; biomass energy; wind power; geothermal power; hydropower and ocean thermal power (Ocean Thermal Energy Conversion -OTEC). Solar Power (Solar Photovoltaic Power 'SPP'). Solid crystalline materials, such as germanium or silicon (semiconductors) are being used to convert the sun energy into electricity, i.e. electricity is the output from a solar source by utilizing semiconductor-based materials, commonly referred to as 'solar cells'.Photovoltaic (PV) generates direct current (DC) of 12 or 24 volts. However, by wiring together a number of modules it is possible to increase the overall voltage output. Similarly, by wiring modules in parallel (array) the overall current output can be increased as well. As it is not possible to generate electricity round the clock from solar energy, batteries are needed as a backup and storage, as well as to smooth out any irregularities connected to the load requirements, thus enable the system to be more efficient in its use and function [4] .
The batteries cost and their maintenance/replacement will add to the overall cost of the system.Solar-Home-System (SHS) is the most common usage in the majority of developing countries, where a home system power can range from 30 -50 Wp with an estimated present cost reportedly around $300 to $500 [2] , [5] .In developing countries, the consumer market for PV is growing, as is the case with most forms of renewable energy systems. Within the last decade, PV manufacturing growth has increased rapidly. In fact within one year, i.e. from 2005 to 2006 there was growth of 6.3 GW, with an overall total of 9.3 GW, in which 2.7 GW where used for off-grid applications [6] .
Biomass Energy.Around 15% of the world's primary energy is from plant materials [7] . Developing countries, however, use around 38% from the same source as a fuel [8] . Biomass provides between 60 -90% of many Sub-Saharan African and as well as a number of Asian countries [7] . One of the main benefits in using biomass energy crops in rural areas is that it helps agricultural development, i.e. creating commercial agriculture activities and diversification within the agricultural sector when it comes to farming, plus job creation within the local community. Concerning biomass technology, there are two main methods which cover a wide area of biomass conversion systems, thermo chemical conversion and bio chemical conversion. Hardware biomass conversion systems can be stationary or mobile. The hardware mobile systems usually used in rural areas supplying power for a small number of homes, such as in a village, or powering small to medium size countryside businesses. For rural applications, biomass boiler(s), either as a mobile unit or in a permanent location (or small, modular biomass gasifiers) can be installed using a small system, such as combined heat and power system (CHP) with its main productivity concentrated on electricity generation rather than heat. This kind of conversion mean the production of electricity will be around 75% and 25% will be used either for supplying heat or for cooling systems. Providing electricity for a medium to large size village, around 1 MW of electricity will be needed. Compared to conventional method, the saving obtained using the above system reportedly is between 25% -35% [9] . Within the last decade, a number of projects using decentralized biomass gasifier systems were implemented in different parts of South-East Asia. The main aim of these biomass projects is to provide electricity for villages, such as in the case of Hosshalli village, Karnatak in India [10] .
Wind Turbines (WT). Wind power system requires control mechanism for the purpose of improving the supply, protecting the system from any possible damage, as well as to optimise the system function and consequently, the output. Generated voltages and system frequency are some of the parameters the above mechanism requires to monitor and control. For rural areas, small wind turbines are mostly used for domestic electricity, village water supply and irrigation -while micro wind turbines are mainly for domestic electricity supply. Apart from micro-hydro systems, the final cost of which can be lower than the usage of wind turbines, the wind turbine presently compete with other types of renewable and non-renewable energy generators.The most sought after wind turbine system is the one which fulfills the technical requirements of both stand-alone power systems and direct grid feed. Such kind of design makes it adaptable to any new technical development and/or for possible changing of location and/or related to changes within the local environment. In addition to the above, the device should be light weight, high output in low wind speeds, wide range of working wind speeds, affordable within the local community in relation to procurement cost and finally, characterised with high efficiency.
Geothermal.The geothermal energy is distinguished under two headings:High level (or high grade) and low level (or low grade). The first type is mainly related to the super-heated water in the form of steam. This high temperature steam produced under high earth pressure within the deep internal temperature of the earth. Type number two is simply related to the heat originated from the sun within the earth crust. The Geothermal Energy Association reported that the number of countries harnessing power from geothermal sources has increased by 120% within the last ten years. The report figures indicate that during the year 2000, there were only 21 countries producing power from geothermal, however, at the present, there are 46 countries, worldwide. As consequence of the above, the production of electricity from geothermal sources has grown to 7000 MW in 21 countries during the year 2000 alone [11] . Examples: Around 23% of the electricity generated in Philippines is from geothermal sources and higher capacity of electricity production from geothermal sources has been planned for the next ten years for a capacity totaling around 6870 MW for Indonesia [12] .
Hydropower.Water movement in general can be utilised to produce what have been termed as 'hydropower'. This may range from ocean waves to falling water and underwater currents. Currently, hydropower is the most common way to generate electricity worldwide in the form of renewable energy. The hydropower system is used to produce electricity by spinning the turbine generator or simply for mechanical purposes. Power generated from this source is considered to be the highest on the list in relation to electricity generated from a renewable source. According to the European Small Hydropower Association, 17% of the global supply of electricity is sourced from hydropower, i.e. from already installed generators of 730GW and, at the same time, 100 GW presently being constructed, worldwide [13] . The objectives of the international Centre for Small Hydro Power (ICSHP), in cooperation with UNIDO, provide a platform where hydro projects in rural areas can speed up the development of small hydro power and consequently, provide benefit to the local community. For example, the promotion of sustainable development of water resources for the purpose of rural electrification will provide models for other undeveloped hydropower locations in developing their own water energy resources. The training and capacity building in SHP, plus, as mentioned in their final objective [14] , the technology transfer in SHP, all add up to the momentum in developing and using hydro power rather than the usage of fossil fuels for the purpose of generating electricity. A number of developing countries obtain considerable percentage of their electricity via a hydropower source. For example, Kenya electricity from hydropower is around 55%, Nepal 90% and Peru 48% [2] . The technical feasibility of generating electricity from hydropower in the developing countries, such as in Africa, is approximately 1750 TWh/year and in Asia is around 6800 TWh/year [15] .
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Advanced Materials Research II Micro Hydropower System (MHPS).The most suitable hydropower technology for rural areas is micro hydropower system (MHPS). A number of projects completed and others under way by the United Nations Industrial Development Organization (UNIDO) for rural micro-hydropower development across many developing countries using basic devices and cooperation with the local community has produced excellent results, as illustrated in the following section edited and rewritten from UNIDO project in Kinko village, Tanzania [16] .Using a natural water supply, such as rivers or streams, MHPS can be easily constructed at a low cost. The work involves a small check-dam, plus the construction of intakewier (to raise the level of water), 9 -15 kW generators, mini grid (for low voltage distribution) forebay as a water reserve/storage (if needed) and water pump as a micro turbine (reversed) and batteries (if needed).
Ocean Thermal Power (Ocean Thermal EnergyConversion -OTEC).It can be cost effective in comparison to solar panels. The principle of how OTEC can be used to generate electricity is in the difference of temperature (thermal gradient) between the ocean surface and the deep water. The energy obtained from the difference of these two temperatures can be used to drive a turbine. Thermal ocean gradient should be a minimum of 20°C.There are three different technologies for OTEC system: 1. Closed cycle; 2. Open Cycle; 3. Hybrid. The 'Closed Cycle' system use the warm surface sea water to vaporize a low boiling fluid (e.g. ammonia) which in turn the expanding vapours will rotate the turbine. The 'Open Cycle' uses low pressure, i.e. using low pressure container on warm sea water. The vaporized water will turn the turbine. The hybrid system use both the 'Closed Cycle' and the 'Open Cycle' methods, i.e. warm water evaporated under low pressure which vaporize a low boiling fluid which turn the turbine.
DG Using Hybrid System
In order to overcome certain limitations of one, or more than one different power system, the solution is simply to integrate these systems in order to obtain the results sought after, which otherwise would not be possible to obtain via the use of one single system on its own. The outcome of power systems integration is one complete system known in the literature as a 'hybrid system'. The integration may involve electricity generators, storage devices or fuels (two or more for the same system). Hybrid system is one of the best approaches in solving energy issues in general and electricity production in particular. This is more so where there is no possibility to connect to the main grid, or there are no facilities to rely on one system or one source of energy. Important factors a hybrid system is characterized with can be in the form of reliability, flexibility, efficiency and less emission.
Hybrid Systems.To build a hybrid system, as in the case of any type of DG energy system, information and data will be required. Hybrid systems may combine a number of renewable and non-renewable sources, thus, for example, the load that the system is expected to meet with higher and lower limitation of energy supply, solar radiation within the chosen location, average wind speed with seasonal and weather pattern and influence, local availability of biomass materials and cost of transport and storage, hydropower in relation to the location, season and the strength of the water flow, fossil fuels and hardware devices (e.g. generators, batteries, boilers and other similar related devices and parts) with their availability and cost. Other aspects related to the project should be looked at as well, such as engineering and maintenance procedures and their cost. Wind, Photovoltaic, hydro, fossil fuels and various types of devices are all integrated in one way or another for the purpose of providing a continuous supply of electricity. Problems related to a hybrid system may arise as a result of complication via the following factors: a. uncertain supply of renewable power; b. load demand; c. the non-linear characteristics of components; d. the hybrid system sizing and the system interdependent of operations.
Examples of Hybrid Systems.There are a number of hybrid systems which can be used for heat and electricity generation. Examples: PV-wind, Wind-diesel, Wind-PV-micro hydro and Windsmall hydro.
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PV-Wind.There are growing interests in rural areas for small-scale of PV-Wind hybrid systems. The phrase 'site-dependent' is how wind and solar energy usually described in literature. However, combining the two sources as one hybrid system, will cancel/reduce some of the negative sides of both sources. Even though the initial cost is higher in relation to solar and wind systems, when compared to the cost for generating electricity from a diesel engine generator, the maintenance cost can be always lower. Thus a PV-Wind hybrid system reduces the battery bank and diesel requirements and therefore, from economical prospective, electricity generated in this way can be cheaper than those produced from similar systems. The hybrid stand-alone system is made up from a small PV array and wind turbine. Additional parts needed such as battery bank, charge controller and inverter (from DC to AC current). The present estimated cost for generating one kWh by a hybrid system sized for 1.5 kW and 1.0 kW photovoltaic is €0.77 ($0.93), assuming that the life of the hybrid system is twenty years and the batteries bank replacement is every five years.
Wind-Diesel.The hybrid WD system is another way using wind power for the purpose in reducing the dependency on diesel fuel to a minimum usage. In order to achieve the above, increasing the number of wind turbines would be necessary. A balance between loads and wind power is important in that saving the amount of diesel being used is part of the saving in term of fuels and maintenance/life cycle of the diesel engine. During high wind period, not just the diesel generator will stop but also any access of wind power will be stored for later use. The flexibility, therefore, of the wind-diesel hybrid DG is in the automatic alternating mechanism (real time) between wind power and diesel generator and stored energy. This kind of design will achieve the optimum in the usage of energy and reduction in total cost. The mechanism, in general, is applied to most hybrid systems where the main controller either specifically written software program for the hybrid system, or in certain situations, it can be purchased as any other commercial software.
Wind-Diesel hybrid system economies largely depend on the following factors: a. The final price (delivered) of diesel fuel; c. wind power availability; d. hardware cost; e.operational and maintenance cost; f. secondary loads values; g. demand, revenue and reliability of the system.
Wind-Small Hydro.Small Hydro Power (SHP) provide electricity close to those produced by other types of renewable energy, which is around 1-2% of the overall world production, i.e. around 47 GW, where 25GW of the above source are located in developing countries [13] . Developing countries have vast amount of SHP untapped resources which can be utilised for countryside electrification. With low impact on environment, SHP is a renewable technology which uses rivers or streams to generate electricity for local usage with an average output power of 10MW. This amount of power is usually associated with standard average SHP system, even though this kind of output can be higher in India and China as it can rise between 25 to 50 MW, accordingly.The cost of installing SHP system is slightly higher than the cost of purchasing and installing diesel generator. On the long term, the SHP system is also considered to be cheaper, i.e. there is no fuel needed neither the associated short-life span usually diesel engines characterized with. Combining wind power with SHP in one hybrid system is the ideal solution for some of the developing countries.
Wind-PV-Micro Hydro.The previous three examples of hybrid systems offered a combination of two systems, i.e. either two renewable sources combined or one renewable and one fossil fuel sources combined, as one system. There are three different types of renewable sources being used to form one hybrid system. The idea behind this kind of combination is that not every location is suitable to use it for the purpose of constructing a hybrid system for continuous supply of electricity all year round. The three sources of energy combined together are where one source (or more than one) cannot be relied on. As has been mentioned previously, this is mainly for factors related to seasonal supply, in relation to the flow of water (hydro) or the amount of sun radiation at a particular time or season, or aspects related to wind power. The three sources of energy, therefore, balance and back-up ways of guaranteeing uninterrupted supply of energy. The connection and control mechanism is similar in many ways to other hybrid systems, such as those with two sources of energy and/or more than one device/generator.
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